Deep J, H and K s photometry of the low Galactic latitude Norma cluster has been obtained with the 1.4-m InfraRed Survey Facility (IRSF) and with SOFI on the NTT. Together with spectroscopy taken at the AngloAustralian Observatory using 2dF, the near-infrared Fundamental Plane of the Norma cluster will be used to determine the distance to this cluster and to assess its location within the Great Attractor overdensity. Potential systematic uncertainties related to the determination of peculiar velocities in the Zone of Avoidance are discussed in some detail. In particular the effects (uncertainties, systematics and scatter) of extinction and star-crowding on the derived magnitudes at low latitudes are investigated in great detail. We present a first look at the emerging K s -band Fundamental Plane of the Norma cluster. We expect an uncertainty of ∼3% (∼ 150 km s −1 at the distance of the Norma cluster) in our final Fundemental Plane distance estimate based on 76 galaxies.
The Norma cluster and the Great Attractor
The Norma cluster (ACO 3627, Abell et al. 1989 ) is a rich and nearby galaxy cluster at low Galactic latitude (ℓ, b, cz) = (325.3 • , −7.2 • , 4844 km s −1 ). KraanKorteweg et al. (1996) and Woudt (1998) showed it to be the nearest massive rich cluster in the local Universe and comparable in its properties to the wellstudied Coma cluster. Were it not for the obscuration by the Milky Way (A B ∼ 1. m 0) the prominence of Norma would have been apparent a century ago and it might have taken the first place as the best-studied cluster in the local Universe. 
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Following the recognition as a nearby rich cluster, however, the Norma cluster has been subjected to dedicated multi-wavelength observations: detailed studies of its X-ray properties have now been made by Böhringer et al. (1996) and Tamura et al. (1998) , the effects of the intercluster medium on the gas contents of spiral galaxies in the Norma cluster by Vollmer et al. (2001) , substructure and dynamics by Woudt (1998) , and a derivation of its optical and near infrared (NIR) luminosity function is in preparation (Woudt et al., in prep.) .
A further major point of interest lies in its location at (or close to) the bottom of the potential well of the Great Attractor. Many years after the initial discovery of the GA (Dressler et al. 1987; Lynden-Bell et al. 1988 ) there still remains some ambiguity regarding the extent and nature of the GA -as was evident by various lively discussions at this meeting upon the simple question 'What is the Great Attractor?'.
One of our aims in studying the Norma cluster is a highly acccurate distance determination through a NIR Fundamental Plane (FP) analysis with which we want to pin down the position of the the Norma cluster within the GA overdensity, determine its -and possibly the whole GA's -movement with respect to the Cosmic Microwave Background (CMB), and see whether the Shapley Concentration (Scaramella et al. 1989; Allen et al. 1990 ) at (ℓ, b, cz) ∼ (306 • , +30 • , 15 000 km s −1 ) exerts a non-negligible attraction on the GA (see, e.g., Kocevski et al. and Lucey, Radburn-Smith & Hudson, these proceedings).
Peculiar velocities in the Zone of Avoidance
Dedicated galaxy surveys in the ZoA over the last one and a half decades across the electromagnetic spectrum -ranging from X-ray (ROSAT, XMMNewton), optical, near-infrared (2MASS, DENIS), far-infrared (IRAS) to radio wavelengths (HIPASS) 1 -have led to an almost complete reduction of the ZoA in the distribution of galaxies, even in redshift-space (e.g., Henning, KraanKorteweg & Staveley-Smith, and Koribalski, these proceedings).
Despite these advances, a broad Zone of Avoidance in peculiar velocity data has remained at low Galactic latitudes. This is mostly due to the difficulty in determining the Galactic foreground extinction to the desired level of accuracy. In addition, it is not well understood (quantitatively) what the effects are of starcrowding on photometry, i.e., how accurately one can subtract the foreground stars from the underlying galaxy? Both effects (extinction and star-crowding) could lead to large systematic uncertainties in peculiar velocities derived from, e.g., surface brightness fluctuation, Tully-Fisher, and FP analyses. An early example of an extremely high peculiar velocity measurement for the Norma cluster (v pec = 1760 ± 355 km s −1 ) using the I-band Tully-Fisher relation had its origin in low-number statistics as well as large systematic photometric errors (Mould et al. 1991; see discussion in Woudt 1998) .
Several important structures in the local Universe lie at low Galactic latitude, e.g. the GA, the Perseus-Pisces Supercluster and the IC342/Maffei group (Buta & McCall 1999) . In order to assess their significance in terms of the velocity field generated by them, it is necessary to obtain reliable distance estimates to the cores of these overdensities. The application of the FP requires reliable measurements of photometric parameters, i.e. log(r e ) and µ e . At low Galactic latitude the two key issues are the sizable and uncertain Galactic extinction and the large level of foreground stellar contamination. It is therefore important to study extinction and star-crowding (Buta & McCall 1999) quantitatively, at least for groups and clusters subjected to a modest amount of extinction in high galaxy-density regions (e.g., the GA region). Prime examples of such clusters are the Norma cluster ; this paper) and CIZA J1324.6-5736 (Ebeling, Mullis & Tully 2002; Mullis et al., these proceedings) .
The near-infrared Fundamental Plane of the Norma cluster
We have selected a sample of 76 early-type galaxies in the Norma cluster from which the R C , J, H and K s FP will be constructed. Spectroscopy for these galaxies has been obtained using the 2dF spectrograph at the Anglo Australian Observatory. One of the main advantages of using the near-infrared FP for low-latitude clusters is that the colour information of the observed elliptical galaxies allows a direct measure of the foreground extinction (see Sect. 3.3) which, within errors, is not sensitive to the adopted Galactic extinction law (e.g., Cardelli, Clayton & Mathis 1989) .
With our large sample of 76 galaxies we expect to be able to determine the distance of the Norma cluster to a few per cent -in the absence of systematic uncertainties -given that the distance to an individual galaxy using the nearinfrared FP is accurate to ∼18% (Mobasher et al. 1999 ).
Near-infrared photometry with SIRIUS and SOFI
We have obtained near-infrared photometric observations of the Norma cluster at two different observing sites using two complementary approaches, namely pointed observations (in the K s -band) of selected early-type galaxies using SOFI on the NTT within the Abell radius (1.75 • ) of the Norma cluster (4 nights in June 2000), and a simultaneous J, H and K s -band survey of the central 1/3 Abell radius (∼ 0.6 • ) of the Norma cluster using SIRIUS on the InfraRed Survey Facility (IRSF; Nagayama et al. 2003) at the Sutherland site of the SAAO (three weeks in June/July 2001 and July 2002). A detailed description of the SOFI and IRSF observations will be presented elsewhere. Here we present a preliminary analysis of these data, demonstrating the feasibility of obtaining accurate photometry at low Galactic latitude.
Despite the availability of 2MASS photometry (Jarrett et al. 2000) for most of the galaxies in our sample, the level of accuracy needed in determining peculiar velocities -particularly in the presence of high stellar densities (see Sect. 3.2) -requires deeper observations at high resolution (i.e., small pixel scales). Both SOFI and SIRIUS meet those requirements, with pixel scales of 0.29 and 0.45 arcsec/pixel, respectively, compared to the 2.0 arcsec/pixel of 2MASS. Table 1 gives an overview of the main characteristics of our SIRIUS and SOFI observations, in comparison to 2MASS. Standard calibration was performed using the near-infrared standard stars of Persson et al. (1998) . In addition, a large number of 'calibration galaxies' were observed (with K 20 s magnitudes in the range of ∼ 7 − 13 mag), primarily for the purpose of obtaining uniformity with other peculiar velocity surveys (e.g., Pahre 1999; Jones et al., these proceedings; Hudson, these proceedings). Apart from the obvious calibration issues, these galaxies were also used to test the effect of star-crowding on surface photometry by artificially adding star fields (observed around the Norma cluster) to high Galactic latitude galaxies (see Sect. 3.2) .
Standard data reduction and analysis were all performed in IRAF 2 . In particular, we used the ELLIPSE task in IRAF to determine the surface brightness profiles for each galaxy. Both our IRSF and SOFI photometry of the standard galaxies compare very well with 2MASS (see the top half of Table 2 ); the IRSF, SOFI and 2MASS data are all on the same photometric system. For this initial comparison, we have used isophotal magnitudes at the radius of the K s = 20.0 mag/arcsec 2 isophote as given by 2MASS.
Star-crowding
In analysing the low Galactic latitude IC 342/Maffei group of galaxies, Buta & McCall (1999) have developed a routine (dubbed KILLALL) within the IRAF image reduction package for efficient star removal.
We have applied KILLALL to all our galaxies, albeit slightly modified; instead of letting KILLALL take out the galaxies by subtracting a medianfiltered image, in our first iteration we model and subtract the galaxy (with ELLIPSE and BMODEL, using sigma-clipping to mask out most of the star light). During the second iteration -with the stars now well-determined and subtracted -an improved model of the galaxy is made (again with ELLIPSE and BMODEL, but this time no sigma-clipping is applied) and subtracted before running KILLALL a second time. A further iteration is possible if deemed necessary, but often two iterations are enough.
In order to test if KILLALL has removed all the superimposed foreground star light, we have added a stellar density similar to that found in the Norma cluster region to our calibration galaxies with well-determined magnitudes in order to test our procedures. At this point, the 'calibration galaxies' appear indistinguishable from the real Norma cluster galaxies of our selected sample of 76 early-type galaxies. The modified KILLALL routine is then applied to the star-added images and the resulting K 20 s magnitude compared to the original value. An example (for NGC 4387) is shown in Figure 1 . For each of the nine calibration galaxies, five different star fields across the Norma cluster were used and the mean offsets (original K 20 s − resulting K 20 s magnitude following the KILLALL procedure) were calculated. The results of this procedure are given in Table 3 . It is clear that for our high quality nearinfrared data of the Norma cluster, contamination by foreground stars has a negligible effect on the surface photometry ( ∼ < 0.01 mag on average). As mentioned in Section 2, 2MASS photometry is available for a large number of galaxies in the Norma cluster, although at a Galactic latitude of b ∼ −7 • , the 2MASS extended source catalogue (2MASS XSC) is not complete. The prime reason for this is stellar confusion (see also Kraan-Korteweg & Jarrett, these proceedings). The stellar crowding also results in a much larger scatter in the 2MASS photometry at low Galactic latitude, primarily due to the limited angular resolution of 2MASS. In Figure 2 , we show the comparison between 2MASS and IRSF photometry in the K s -band (upper panel) and J-band (lower A comparison between IRSF and 2MASS phometry in the K sband (upper panel) and J-band (lower panel). Our calibration galaxies are indicated by the filled circles and show good agreement. The galaxies in the Norma cluster (open circles) at b ∼ −7
• show a much larger scatter.
panel) for both the calibration galaxies (filled circles) and the Norma cluster galaxies (open circles). Even fairly bright galaxies in the Norma cluster can differ by ∼ 0.15 − 0.2 mag, and for galaxies fainter than K 20 s ≈ 12 mag and J 20 ≈ 12.5 mag the scatter increases rapidly.
The lower half of Table 2 shows the mean offsets between 2MASS and the IRSF/SOFI photometry for the galaxies in the Norma cluster. At first sight, 2MASS appears to be too faint by K 20 s ∼ 0.05 mag on average for the lowlatitude galaxies. If this trend is confirmed by the full sample of 76 galaxies, it would imply a potential source of systematic uncertainty in the FP distance if low-latitude 2MASS photometry is to be compared with 2MASS high-latitude photometry. The internal comparison (IRSF-SOFI) shows a much smaller offset (based on only 8 galaxies!); the smaller offset is consistent with the results of the star-adding simulation.
Determining the Galactic foreground extinction
Burstein (2003) has given an extensive overview of the advantages and disadvantages of the use of the Burstein-Heiles (BH; Burstein & Heiles 1978) method and the DIRBE/IRAS (IR) reddening maps (Schlegel, Finkbeiner & Davis 1998) for predicting Galactic foreground reddening along the line-of-sight.
The Norma cluster lies uncomfortably close to the region 230 • < ℓ < 310 • and |b| < 20 • where the BH method predicts reddenings a factor 2 too high due to local variations in the gas-to-dust ratio (Lynden-Bell et al. 1988) . In this paper we therefore only use the IR reddening predictions. As pointed out by Burstein (these proceedings), the limiting factor with any of these methods (BH and IR) is the angular resolution of the survey in question, given the patchiness of the Galactic dust distribution. The resolution of the Schlegel et al. IR reddening maps is set by the 6 ′ -pixels of the IRAS survey. This will lead to an observable bias if one is using individual elliptical galaxies (typically with diameters of ∼ < 1 ′ , ignoring variations of the foreground reddening across the galaxy) to determine the line-of-sight reddening; both BH and IR methods tend to overpredict the reddening in high extinction areas, as the galaxies found in galaxy surveys are preferentially found in regions of smaller extinction. This effect is clearly illustrated by Nagayama et al. (2004) for line-of-sight reddenings towards elliptical galaxies in the PKS 1343−601 cluster at (ℓ, b, cz) ∼ (309.7 • , +1.7 • , 3872 km s −1 ).
Despite the relatively low (averaged) value of E(B − V ) ≈ 0.2 mag for the Norma cluster, we cannot rely solely on the IR reddening maps; line-of-sight reddenings will need to be determined based on the observed (i.e., reddened) near-infrared colours for each of the 76 early-type galaxies in our sample in order to locally calibrate the IR reddening maps.
In Figure 3 we show the observed (k-corrected) J 20 −K 20 s colour of Burstein's (2003) sample of giant ellipticals (gE) as a function of E(B − V ) obtained from the IR reddening maps. 380 of the 402 gE galaxies have 2MASS photometry. Also shown are the 17 galaxies in the Norma cluster for which we have obtained IRSF photometry so far (filled circles), and those galaxies in our sample for which 2MASS photometry is available (N = 51, open circles). The mean extinction-corrected (J 20 − K 20 s ) 0 colour of the 380 gE galaxies is 0.894 ± 0.003 mag (illustrated by the horizontal dotted line). The solid line corresponds to E(J − K s ) = 0.52E(B − V ), assuming a standard extinction law with R V = 3.1 (Cardelli et al. 1989) .
The mean J 20 − K 20 s colour of the 16 galaxies with accurate IRSF photometry is 1.042 ± 0.013 mag (rejecting the outlying galaxy (WKK 6299) due to contamination of a very bright nearby star). This means that from our photometry we deduce a mean value of E(B − V ) = 0.22 ± 0.03 mag 3 , compared to E(B − V ) = 0.207 ± 0.003 mag derived from the IR reddening maps. The implied difference in A Ks between the IR reddening maps and the reddening derived from our photometry, is less than 0.01 mag. This confirms that for E(B − V ) ≤ 0.25 mag, the IR reddening maps are reasonably accurate (see also Burstein 2003; Burstein, these proceedings) , although this clearly needs to be confirmed on a much wider scale.
Substructure
There are some indications that substructure/subclustering exists within the rich massive Norma cluster. X-ray observations (Böhringer et al. 1996) reported evidence for an X-ray subgroup close to the core of the cluster, while a dynamical analysis (e.g., using the Dressler-Shectman δ-test; Dressler & Shectman 1988) of the cluster based on 296 redshift-confirmed cluster members within the Abell radius (= 1.75 • ) shows the presence of a spiral-rich subgroup ∼ 1.2 • − 1.8 • away from the cluster core (Woudt 1998; Woudt et al., in prep) . The latter might have had some influence on the large peculiar velocity derived by Mould et al. (1991) .
Contamination in the FP analysis by subgroup members could result in a systematic offset. However, with a sample of 76 galaxies, and a thorough understanding of the dynamics of the Norma cluster, this effect will be limited, if not completely eliminated.
A first look at the Fundamental Plane of the Norma cluster
After the inventory of possible sources of systematic uncertainty and the quantitative analysis thereof, we can now turn our attention back to the original objective of this study: the near-infrared FP of the Norma cluster.
We have determined so far the photometric properties (r eff , µ eff ) of 11 of the 76 galaxies. Combined with the 2dF spectroscopic measurement of σ 0 (the velocity dispersion), the FP of the Norma cluster is emerging (see Fig. 4 ). Note that the photometric parameters have not yet been corrected for effects of seeing (the mean seeing of our IRSF observations is ∼ 1.35 ′′ ) and so this diagram should not be regarded as final. However, this preliminary analysis indicates that the Norma cluster has a well-defined FP and that this cluster's peculiar velocity (in the Cosmic Microwave Background restframe) is small. Note that the dashed line in Fig. 4 is not a fit to the data but shows a comparison with the Perseus cluster (Pahre, Djorgovski & de Carvalho 1998) which has a similar redshift to the Norma cluster.
Discussion
Following careful considerations of issues regarding the Galactic foreground extinction, star-crowding, and substructure within the Norma cluster, an accurate distance determination (accurate to ∼ 150 km s −1 ) to the Norma cluster will follow from our near-infrared FP analysis of 76 early-type galaxies.
It appears that for low-latitude clusters subjected to a modest amount of extinction and star-crowding, the near-infrared FP can be successfully used to arrive at unbiased distance estimates. It will therefore be of great interest and importance to select suitable clusters for near-infrared FP studies to supplement, for example, the 6dF v-survey (Jones et al., these proceedings) at low Galactic latitudes (|b| ≤ 10 • ). Of particular interest are clusters in and beyond the Great Attractor region, in order to weigh the relative contribution of the GA and the Shapley Concentration (see also Lucey et al. and Ebeling et al., these proceedings) . (Woudt 1998 ).
